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[0 0 0 3] 

T#*lT£U, jg^/SJ5#0lC;J3^Tj£<fflV>£;nT£TV^ o rtieasurement 
Science and Technologyj (S. Christie ffi, vol.6, pl301-1308, 1995 ^) \Z 

flaws ti, z&RMyttfj ^-^>f>^77>f y&&ttn hnt=. 2 ^cc 

Di^-tHcfcoT^fcStu «^,##lC^g|$tlS 0 >f^-^>f>^77>f 
[0 0 0 4] 

e> f& S tt &3fc ^ift 2/ -v * # £ » £> £ 2 ft n C C D -fe > -9- IC «fc o T S3t 2 
[0 0 0 5] 

. ^a#ff^ 5,081,530#Jfti&H#lCte, ccD-tyv-omffiwmmftzffl 
*tCJ:yfce»ft*CCDiz>if©ffl2j.i, $ffM%#©i£stfif$8£&ffi-3- 
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[0 0 0 7] 

s *i fe ^ g <z> zmmtzz^iz y^wmm & <t 

[0 0 0 8] 

»3©&«SKl#rt»tU rtl&3^»l, 12, f2, f2, ^2©^©|IK 
[0 0 0 9] 

^ j: y ftttx&s?- jc as w s m^mffiommmw & $ * * ^««^*§ 
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[0011] 

skus c fc««f &m «rtgfc 2 &7&te^fKK:Bi#i s tifc^ao^msE**^ 

s & 2 (Dw.mm^m. n «*. z> z. t. * #m t. -? s . 

[0 0 12] 

> «ffHM«rt*##» l r ^ s £ £ « 2 (Dmmm^m^mm vmm-fz. 

[0 0 13] 
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[0014] 

m i \**?&w<D i m i ©uMiT^s 3 ^mmx^mu^m^r^ ^ ^<z>m 

[0 0 15] 

jj^^Xfai o©ttf®^c:fev^T> igj^i/>xi l ©£_htc&:7 7>f >^fJSi 2 

fev>T, ltf>3S-fclc». I^t^S l/-f 3fcS:ilftS^SS 

Ofc») 1 4#HB»3ftTV*$. ^Igl 4 ©£{}!![ fC&l/y-XX>f»/^l 5 

D^-KUfx^fyf l 8 tf^ttbtiTv^,, -;&*9#fltl 0©Mffifctt, IC 
[0 0 16] 

m 2 tis i Km??] * ^ om&mf&z^-t z?u v v ®-e&s 0 

xMfrmJ&2 6{c<koT^$tiSo 1 ©fL&M&iM£fc<fcr*X- 

^>^i&^«l/>X^i&img&2 7 {C^oTWStl-S,, 
[0 0 17] 

W^VyXl 1 ©ftlflillCW:!S#i^ (CCD) 2 S^gg^^TV^,, CC 
D2 8Cit Hj^I^>Xl 1 £J:oT&^#^#0J&£*U ^##C]fcf/& Lfc 

liCCD^i»iag&3 OCiotMSnSo CCD 2 8 £^ffi3 ftfcWffim 
fN*£*lS 0 7-f UX|gffrlirB& 2 6, l/>X|8tfr|I!S!&2 7, CCD|gifrlIIg&3 0, 
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[0 0 18] 

wmm-%izmm*^v 3 4fr*>m&mzn. LCDsgi&mi&3 6iz&&zti& 

. LCD^»IlIg&3 6«H^EM#lC0CTi&^b. CItUCj: »JBiS^LCDA 
[0 0 19] 

^feM^^^U 3 4^e>^m^tlfeH###«TV##x>zi-^3 8 ICjg 

tUi&4 0lCg^s£*U ^f>^-^3i-^iag&4 0li>f>^-7ai-XZI^^^2 

>f>^-7x-73^^^f2 1 lCg?^$nfe=r>tT3.-^4 1 lC'£j£orfgT?&£ 
„ *fci/XfA3> hD-;i/iaB&3 5&, |H#^$!l^IIlf^4 2 $:^LTW#IS 

m^it. wmmmmm* 3izmm^nr=. ic^^y*- F^ommmftMizmB 

[0 0 2 0] 

o Ifcft^S 1 4 ICttlgftffi^ 14a ilM \yyXlAh tffgtf Hltm* 1 

zi?tvT&ftww<b<D±mzmm2ft2>. m\mmmz^xB.m^t^%\t.m.m 
£oiz&$fw®fc<D3ikrtmm&Mtwzti2>o &3sz.<Dttmiz&^T. cc 

D 2 8lZtSV2>&mMft<D*'f ^ >^©^tt^/^^A=r> hn-;i/llIB&3 5 
£CCD|gi&loI5&3 OlCioTff&frtlSo 
[0 0 2 1] 

t/^^Azi> hn-;i/HIS&3 5lCl±, l/'J-XX>f»yf 15, ^- K^J##W 
■Y;H 7, V/D=E - f X'f >yf 1 8)!)^^^>f >yf Sf4 5 
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[0 0 2 2] 

S3 J3i^a4 Mix, ^Jfe^MitcfewsffiiKaDfe^sa&aiw^-s,, 

[0 0 2 3] 

mmmfesm B*>e>ffi*$tife mse^ 1*4* if moot s tc as v * r sit u mmh 

«ffig*Bfc«tf«»frS©|ffl©2|S©BE«r ^fc'iMC&S)!)^, 
r fcfc 

r = 8 • t • C/2 • • • ( 1 ) 

[0 0 24] 

t>BL#yh1kXimiai T&S»6i:, i 3fe«*iJBI8l T ic £ it £ ^ft* A ttSEiit 
[0 0 2 5] 

*H«mJ»-ca:J:3*L&iR3iiS:3pJfflLT, C CD 2 8 ic^tf £>tu 2fcjbf®lz 
[0 0 2 6] 

CCD2 8tt*ftflSTJC«^.tf 3o©*lKJcaO*l*7* h^W*- K5 Uj , 
51a 2 , 5 1 a 3 {CJ: yfcJfcStltfc »; , 05SI©tf 07* h^>ft- K 
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51a p 51a 2 , 5 1a 3 i:ifiill5 2 CDgSfifc^f ®-e&£ 0 W6lt 
CCD 2 8 .£^5 3 tC^tt^®"^^ LT^tilg0t'fe5 D 3©CCD 2 

[0 0 2 7] 

7* Ytf^*- K5 1 a x . 5 1a r 5 1 a 3 tmWMMm 5 2 ttnglt 
5 3 ©SlC^oTJ^f&^tlTV^,, 7#h^^"-K51 aj , 5 1 a 2 , 5 1 

Jt#* &51ap 5 1a 2 , 51a 2 , 5 1 a g , 51a r 51a 2 ©MR^BH 
[0 0 2 8] 

2tt7# h^>f*- K5 1 a x , 5 1a r 5 1agK:B|jgUT 
5 2 5 2 a x , 5 2 b, 5 2 c. 5 2d$:ftS„ |f?$llC7tfh 

K5 1 a 2 izmmvfemm&mms 2&mw.mmnm5 2 a 2 . 52b 

, 52c, 5 2d^U :7tf h5T>f*- K5 1 a 3 £Bt&L£:£llrtft£9 5 2 
liieiMi5 2a 3 , 5 2 b. 5 2 c. 5 2dS:tt5 0 ©gE#T?0^ 
S*ifcM«K33l*aH±tt, ia»WK:fev^TSv%K:«»fl9K:3tl§UT«y, 

[0 0 2 9] 

^«5 3©*®JCJgj£S;nfcpS#7*©#K::7jr h^>f*- F5 1 aj_ . 5 1 
a 2 . 5 1 a 3 ^USft, piffFi: nii$5 3 0|fflK:BJflll£*l5i£/W 7 
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^my>}fofrt><D&.myb) ©^a^^D^s^*^^ fs i a x . 51 

a 2 , 5 1 a 3 {C;J3^T^«3;ft5 0 S««ffiVsub £/?T5£ffiJSU:tC;*;# < £ 
7*h^t-F51 ai , 5 1a r 5 1a 3 {C*«tLfc«?jftt, 5 

#ffr&n£*lfch^ :7# h**-^- F5 1 &1 „ 5 1a 2 , 5 1 a 3 fCf ibfc 

t5 3lfc^Lfct> 7*bm-K5 1a p -5 1a 2 , 51a 3 

[0 0 3 0] 

5u r 51a 3 K&frtiT^&tf. ^n\%&m^&tyfo<D$e.mz.m-*z>T- 

>ft-K0^7-f>l:l/n («*.tfn=l, 2, 3) ^>f >&Cf^[V^Ti£it 

M\z&\^TwmwLmmw*ftr*^wMmi£ (d> ^-Ffc&, 3^©^*^ 

-f;fr- F5 1 a x , 51a 2 , 5 1a 3 Sr^Tffiv^T (7* K5 1 a 

1 , 5 1 a 2 , 5 1 a 3 M^>f , PlLLTV^ HfLte^&m 

-K5 1a p 5 1 a 3 <D&&m^T (7* h ^>f*- F5 1 &1 „ 5 1 a 3 5: 

^s»*¥^>f &mmfa<?>mMmfe*ft&5mi a-mm^- f (Dhi 

^E-F) l^©7* h^-fTT- F5 1 a x £#$n?MV* (7tfh**>f;r- 
F5 1 a x V>fr-&M%im- : y 4 >ft£>) , J: y l^&#l»#:©j£(ilM^ 
«e^«2©Wa^-K (D h 2 ^E— F) ©3O0?- K#»r*&*lTV*S. Dn 
t-K,. Dhlf-K, Dh2=E-Klt 7* h tf- Ftf)^-f 

1/3, l/6tC|^?fV%fe^ffi{C^-tS„ 4fiDnt- KttSSl© 
fiEJBi)(!J}e#«tC>tfj£U Dhl€-K, Dh 2^E- \?l*%Z2<D&MWfe^miZtt 
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[0 0 3 1 ] 

So 

[0 0 3 2] 

3©^rfiiic»m$ti, h**>f fs 1 &1 if 
mc&& (§#S2) . «^f§ ffiL##s i©ffiij©SB»©|ft, 

;i/^ipa) i±M^Rrtg"es>*j. Bureau tfiffibi^s i (D&jjtmmizw 

[0 0 3 3] 

w&%s 3i*&mwmmz&^TfcMv. ccd2 sicAt^s,, ^fcfr-^c 

CD 2 8lC e fcoT^ffM^^e > ©Mlif3feS4^^$tl<5^ 

^{C^H^S^#«#S 5»t5o fiLMybS4tfmffi~?2>£ (f^S6) 
[0 0 3 4] 

s4xfc«#^Sit:«K^S5 2ic^$tis 0 «^si#-^«)ffi 
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•r^^T*7* h^v^- F5 i a x izwmzftx^fcm^mffis 1 1 ^it^i 

[0 0 3 5] 

6) *t*7th^^-K5 1a 1 tC^ttLTV^««\ ^3fc£&ftMJ#<Z) 

aE*«HRfctc»isufc«#«#s i 2^bT^tt^gp5 z^mzti. torn 

[0 0 3 6] 

««ffi*S*i, M«SiaJ5-2/\(Z)«-&*#©«33l|feK:7* H4f>f*- K5 l &1 
-KSlaj KlfcV^TfffclcM^ffif©*^^!- «- fit, ±^Ufc0i: 

[0 0 3 7] 

r©<fce> s i i<Dmmmm®5 2y\<Dmmmmz. &<Dm&mam 

#tfffl#3*lS*T»* HUigb^ffStlS. i*lJCJ:yM«39l»5 2JCfeV\T 

taw ttt^s ti&«-^«#s i -e©»ra«tf«r«#^#ihUTv^*i:K 

[0 0 3 8] 

JB*±«i|l!U;iMi#*WS l i©Mi#ttio®7jj- hm-KSia! ic 
ieCj£9S5 2a 1 &tt57t F5 1 &1 IcH^LfeSit 
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© 3 r^^c®^^- 9 h Li, 3 r^^®#A^j^e©^(ciR *; aisti*. 

[0 0 3 9] 

jg0-r&ilIi£^Ay-£V>£„ CCD 2 8tC<fc *Jtftffi3*lfcfilt3feK:H:, ' * 

[0 0 4 0] 

2,. H7-B1 3 &#HBUT, HE««**ftffi»f^K:ovxTlttq!"rs. 
[0 0 4 1 ] 

xm-fl 0 llCfc^Tl/U-XX-f y^l 5#£#b3*lTV*Srfc#Wfg 
3*1**1*7^:71 0 2#£ff3*U (V) ^-FfcBEfcWfc (D) ^E- 

V/D^-K^Jf^^f^f 1 8 &tftf^'T*ii:JCJ:oTfJ«;*)tiS- V/D^e- 
F3J#X>f 1 8 ti, V^-KilDn^-K, Dhlt-K, Dh2=E-K© 
4o0f - FlC#fr*lTfc»J> Dn, Dhl, D h 2 ^- FCDfaft**©^- FlC 

[0 0 4 2] 

Xt-v -71 o 2K:fcv>TD i e- F#^3*iT^5 £*i&£> 
1 0 3~^r7^1 0 7{C^V^T, JKRStlfeD*- F#D nt- F, Dh 1^ 
- h\ Dh2 i E-F0flft<!) : E-KT»»*©^flJlSft, -ttl-^tl©^- FiC 
iSCTCCDOlft^ftJflrKlfeWSWSr^^- F (1/1, 1/3, 1/6|H5[£ 
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=e-K) i$mfei*tiZ>o -?&t>*>. ^f>yy l o 3 iz&^Tmmznf^- K# 

7^10 4 K.&^XCCD<DlkfafflW1fi7* F^W^f 5 J: 

3«£3*U ±T<D7* V#^*~ K5 1 a x . 5U 2 , 5 1 a 3 ^Eiftffi 
JCJ8v*S>tl* (l/llSBI^^-K) . Dn^E- K-eiiJ&V^JRjeStifciiSlC 
it. XrWl 0 SJCfeWTaBiRStlfe^- K^Dh 1 *e- KT?***^*****! 

dcsd^shw*^^ h^>r^- k& i/3'fcra5iv^rff«s"5 <fc"5K:a8jestis ( 

l/SiaSI*^- F) o "f fcfr^tf F#Vftf- K5 1a p 5 1 a 3 tfSEtttt 
7JC^v\TCCD©|ft»iW»^7* h^-f K£ 1 / 6 IClSrsiV^Tfrfci J: 3 

[0 0 4 3] 

rassffiMg-ss i ^«#©j^g#s 9^^stcm*^tiT, £&MitiMK(z>43#tt$r 

[0 0 4 4] 

^TtSfc^f^yi 1 l'xJt*. J£HfiN8<Z>fg#«# S 1 13^CCD28*» 
e>ffi*$tlSo 3®f^MS 1 1 ttX^y^l 1 2lC£^T®H&;* ; ey 34C 

[0 0 4 5] 
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«**K:iBrHE3t*«fla»Sn35iV>fe«> (^S2 3) , fi#3fcJ±#ifi£"&'r (8F*S 
24) o LfetfoT, ME«iff#©##«^ftt»^b*V%*«, CCD2 8ICIi^ 

^©*a/fc##A#rt-sfc»* Lfcfe#«ars 2 s^^l 

, tf^tf S 2 2(Dffi*lC<feoT, fft*T7* h#V^- KJC**tLTV* 
fc##«#S 2 6#MgrtEjaS»'MRai3*lS. '©fftf S 2 6 ft, ^£Lfifc# 

[0 0 4 6] 

lUIIIIS^illTtfiil^fy^ll 6lCfeVAT, IEIt#iE«#©##milfS 2 6«« 
CCD2 8^f>{f}*$nSo HEd*iEtt#©#-&«^f S 2 6\t^y^l 1 7 

[0 04 7 ] 

18-12 iR»W«©«ffi»^ff*t>nS.' TsTVZf 

#©Wffi3feS 3 3 #WttttKffl;fr3*l<5. Xff^H9?tt, CCD28ICJ; 
£*fe&»P#lf§&2*U «ffif»ffiLfe#S 3 1 fc«««SftS3 s^xsicm 
ij$ns„ miffiLf^S 3 1 tflBAan*i fcCioT, 7* h#>f:«--K 

•t>mT-t££. mmftS3 3tfimt!&tl* CCDCttiR»»S3 4*«A»t6. 
M)feS 3 4#?B*Lfctft, tflR^S3 5^ffii;$nS 0 -T^ifc^SW 

3 5©m^J*^Ti-S*T*CD«^a»§^T Tr9 ^C, KftftS 3 4©^t^ 
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[0 0 4 8] 

ZL(D£olZ7* h*V;t- FT? ft*. £MftS 3 4 fc^LT^SI^iHUft S 

3 4 nftytizmm-*z>m-%mffis 3 e^tisti, MiJfts 3 4 

T^fcv^^ft<D»icj|BE^sf§#«^s 37, S3 8^ii$ns. L/T 

^##«^s 3 9 t)mw.mmB^mznz> B ^©^#«#s 3 9 uRmmmm 

KttmL. WtK&<mftS' 3 9 S:-g•^T*V^So 
[0 0 4 9] 

m-hmT-t&UX'rVZfl 2 l^si*, mti©ifilS3 9^CCD2 
8*^miJ$tlSo r(Dfg-^«#S 3 9 li^^^^l 2 2{CJ3V>TM#^ ; EU 3 

*U »»«fil 4©^®ff^^#lL-TSo 
[0 0 5 0] 

2 4T'lt SM8!M##ffi;fr3ft£i:£=tjlCCCD 2 8 fC J: 5 ^fctfKffl? 

tiSo «#^a^^T U2 ttS9ic^-rHiif^«^ffii&^i:i^DT^s^ atf 
aa«*jcaiffi)t3S«fl8»sti3ai^fe«> (ffS4 3) , c?f#s 

44) „ L^oT, jE»j*Sflia©«#*#tt»feL3&V^*«, CCD2 8lCli^ 
^©M^fCMbfeif If S 4 6A^^i-S 0 3©##«#S4 6 It. 

[0 0 5 1] 
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6^CCD 2 87b^m^J$n, X-7-y7l 2 7 fCfc^THf^l* U 3 4 tC— H#|ft 
[0 0 5 2] 

Xfy^l 2 8tii, ^.^^^1 0 8 — 1 2 7K&V^#e>*l£!£lil£'fi^ K 

£4t2Etii& fi» mmm & £ ra^«iE«# & m v * t sehi^ - # © si^i # 

^ryy l 3 0lci3v>TMffi3 , 6M^7b^7^{c^^^nshi: ; folc. x 
■^y^l 3 1 {CfcV*TCCD2 8{C<fc§jl^(Z)Ji0g&# (CCDlfftW) # 

[0 0 5 3] 

S n = k • R • I • t • • • (2) 

[0 0 5 4] 

I = I g + I 3 • • • (3) 

[0 0 5 5] 
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SM 10 =S (k • R (I s • T D +I B • T 01 ) ) 

= k • N • R ( I s • T D + I g • T 01 ) • • • (4 ) 

T D = 5 - t 

= 2 r/C • • • (5) 

[0 0 5 6] 

£ ti # a iz m e> *x s ffi ± s m 20 ItJ 

SM 20 =2 (k - R (I s - T g +I B - T U2 ) ) 

-k-N-R (I s -T S +I B - T 02 ) • • • (6) 

[0 0 5 7] 

SM n =S (k • R • I B - T m ) 

= k ♦ N • R - I B • T 01 • • • (7) 

27SM 21 &, 

SM 21 =E ( k • R • I g • T U2 ) 

= k • N • R • I B • T 02 • • • (8) 

[0 0 5 8] 
(4) , (6) , (7) , (8) 
S D = (SM 10 -SM n ) / (SM 2Q - SM 21 ) 

= T D /T s • - • (9) 

[0 0 5 9] 
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ybiz&z>nmi B ) #^**it^5o o) ^;©t d /t s it. ms^s 3 

iE^bbfe^CDT^U, r*U*, «S303ti (07 (DiS^mffiS 1 1 IC*B 
(09(3D##m#S 3 9tCffi^) fre>*MfU£# (01 0<Z)^#m^fS' 3 
[0 0 6 0] 

(9) ^(D#ffi*ftSM 10 , SM ir SM 20 , SM 21 ttXfy^l 12, 11 
7, 122, i27jcfe^T, BEBflTSU BB*»IE**U SftWSU 

3^»&*lS. /NVl/^*gT s ttflE*re»<5**&, (5) ^£ Tp /T g #£>ffilfcr 

[0 0 6 1] 

&lCCCDCD*¥9>f >fcl/n (n=l, 3, 6) JCWSf V*TffiJttlfcffi«:ff 

in5&<Dm*wm<Dmw.nm. tmp^ic^-chi 4—01 6^mvxmm 

[0 0 6 2] 

014ttCCD2 8tC^WS7*h^t-K5 1 , 51a 2 , 5 1a 3 
>f*-K5 la p 5 1 a 2 , 51a 3 £ J: tfMiKj£3B 5 2 #1 

2 a x „ 5 2a 2 , 5 2 a 3 ©^t^raSFM- KJC**f& 

ti5 2a r 5 2a 2 , 5 2 a 3 ^TJCHJHbfc«#«ffi3S«SliD3*l*. ^fc 
#oT, Zltl?) 3MM^li5 2 a x , 5 2a 2 , 5 2 a 3 &«SC«fK: 



2 0 
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£M&&ffi5 2a, 52b, 52c, 52 dU^Stl*. SUDgK^SlStCfc^T* 

fr2nt=.m^mmzmmm>mmm5 2 a, 52 b, 52 c, 5 2 dtcep^ti-s 

*¥^«@5 5 a ©T<A*¥$K*lgP 5 5A|slStlSt, 5 5 a 

£ tl C C D (DfrB^ £ sft S . 
[0 0 6 3] 

H15 (a), (b) , (c) (±, ^*l^ftl/l, 1/3, 1/6^31^ 
- FlCfcV^ TMitti&itm4S5 2 a, 5 2 b, 5 2 c, 5 2 d IZQJjttZ ftZ^WM 

fcv\, £]gM&£8|S5 2 5 5^©M^m<t©^«, 
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